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INTRODUCTION 
Two years ago [1] we reported some results of positron Doppler broadening 
spectroscopy of impact damage in carbon-fiber epoxy-resin matrix composites. Both 
filament-wound and hand-Iayed materials were examined. Before reviewing those 
results, a brief description of the positron technique used will be given. 
The heart of positron Doppler spectroscopy is the fact that positrons emitted 
from a source such as 68Ge enter a sample, thermalize, annihilate with an electron and 
emit two gamma rays at approximately 1800 to one another and each with an energy 
of 511 ± .1E keY. The value of .1E depends on the momentum of the electron-
positron pair at the time of annihilation (2). If for example, in a metal, the positron 
first gets trapped in a defect such as a vacancy, then the probability is higher that the 
trapped positron will annihilate with a lower energy conduction electron since the core 
electrons in that trap site are missing. Since the value of .1E is proportional to the 
momentum of the annihilation pair (mostly determined by the momentum of the 
electron of the pair) and since two -y-rays each of 511 keY exactly at 1800 to one 
another would be emitted if the electron-positron pair were at rest, conservation of 
momentum requires that in that case .1E = O. If, as in the metal vacancy case just 
cited, annihilation is with a conduction electron, .1E is a small Doppler shift from 511 
keY. Conversely, if annihilation of some other positron occurs in the perfect lattice 
away from the vacancy trap, .1E will be larger if some higher energy core electron is 
involved. The result of many such events is that in a metal damage in the form of 
vacancies and dislocations sharpens the Doppler energy distribution centered about 
511 keY due to the higher availability of conduction electrons in those traps. 
The earlier work of Coulter and Byrne [1], however, reported that carbon-fiber 
epoxy-resin matrix materials showed Doppler distribution shape (sharpness) parame-
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ters which decreased with increasing impact energy. This is the opposite of the 
response found due to damage in a metal [2]. This of course is not too surprising in 
view of the very different roles of electrons in the two types of material. In addition, 
the present authors found on rechecking those same samples two years after impact 
that the above-mentioned change was no longer detectable. This fact in itself prompt-
ed the present investigation. 
In organic materials, one is dealing with a different type of positron annihilation 
than in a metal where the most common event is two-quanta annihilation of a posi-
tron-electron pair. In an organic material one can also form and annihilate positron-
ium atoms [3-7] in the free-volume regions of the material. The free volume consists 
of individual voids or regions of low electron density. The positronium may be either 
parapositronium or orthopositronium. The frequency of ortho to para is in the ratio 
of 3: 1. Parapositronium (p-p.) has antiparallel electron and positron spins, and ortho-
positronium (o-P.) has parallel electron and positron spins. Parapositronium annihi-
lates much like an ordinary positron via a two-gamma event where each gamma 
would have an energy of 511 keY if the P-p. were stationary, and a Doppler shifted 
distribution of energies centered at 511 keY if the P-p. is not stationary. Orthoposit-
ronium, on the other hand, results in a three-gamma emission also totalling 1.02 
MeV, but with no unique correlation between the angles of divergence and the ener-
gies of the gamma-quanta. The latter can result in growth of a photopeak in the 
range of 300 to 430 keY, but we have not observed such a peak thus far. Thus the 
observations we previously reported [1] and currently are reporting are probably the 
result of P-p. annihilation in free-volume spaces either in the epoxy resin, the carbon 
fibers, or at the interfaces between the two. 
In order to verify the earlier results, similar materials were again obtained from 
Hercules Inc., the impact energy range was extended from 2 to 5 joules, and positron 
Doppler spectroscopy measurements were again done. 
EXPERIMENTAL PROCEDURES 
The positron source, 68Ge, the intrinsic Ge detector, energy analyzer, and com-
puter for data analysis were the same as described previously [1]. The parameter 
used to describe the shape of the positron Doppler peak centered at 511 keY was the 
"peak to wings" parameter (P/W) which is obtained from software which subtracts 
background counts, decides the limits of the central peak and wing regions, calculates 
data error statistics and finally the (P/W) ratio. Each (P/W) value is based on four 
data sets and each set takes about 15 minutes to gather. 
The specimens were placed directly in front of the detector with the 68Ge cen-
tered behind the specimen. A rate meter was used to position the sample each time. 
A stand was adjusted to a distance from the detector that gave 10,000 cps on the rate 
meter for each specimen. That distance was approximately 5 cm and only varied a 
few millimeters from sample to sample. Each data run was terminated after 
1,000,000 counts were collected in the MeA from a preset region of interest around 
the 511 KeV peak. Each data point shown in the figures is the average of four read-
ings, and typical standard deviations in (P/W) were about 0.0046 to 0.0043. 
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The samples were cut to 3" X 2" size from a plate of 16 ply, 0.125" thick, 
IM-7GP 6K fiber, 8552 resin SPGl93-P cloth, carbon-fiber resin-matrix composite 
provided by Dr. D. Richardson of Hercules Inc. The composite samples were hit in 
an instrumented impact tester utilizing a free-fall spherical tup drop weight which was 
caught after striking by a ratchet mechanism. Each blow was in a three-point bending 
geometry and each sample received only one blow. Energies delivered were inc-
reased from the 0-2 joule range [1] to 0-5 joules. Similar size impact samples were 
cut from a 0.115" thick sheet of Number 8551-7 epoxy resin for comparative impact 
purposes. 
In order to explore the extent of the damaged region, a micrometer-controlled 
specimen mover developed earlier [8] was used. 
X-ray computed tomography was performed on the maximum impact energy 
samples at Terratek Inc. 
RESULTS AND DISCUSSION 
All attempts to observe damage from the highest impact blows of 5 joules by 
computed x-ray tomography failed to be able to resolve the carbon fibers and the 
damage which was visible to the eye. 
Figure 1 is a plot of the positron Doppler shape parameter (P/W) versus the 
impactor drop height which in turn is proportional to the applied impact energy in 
joules as listed in Table 1 after correction for frictional losses in the apparatus. The 
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Fig. 1. Positron Doppler (P/W) shape factor versus drop height. 
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Table 1. Impact Energies 
Drop Energy 
Sample Height Applied 
Number (cms) Goules) 
1 50 5.32 
2 50 5.27 
3 35 3.46 
4 35 3.19 
5 25 2.56 
6 25 2.61 
7 15 1.59 
8 15 1.50 
9 20 2.14 
10 20 2.14 
11 30 3.20 
12 30 3.20 
lower two curves of Figure 1 represent readings taken as closely as possible to the 
location of the impact and show decreasing trends reminiscent of the earlier results [1) 
but are extended to more than twice the energy range. At this point it occurred to us 
that we might be seeing a manifestation of the known fact observed by Kobayashi et 
al. [9) that in polymers a long positron lifetime component (probably o-p. annihila-
tion) decreased in value and intensity as the free volume decreased with aging time. 
Generally a decrease in positron lifetime is similar to a decrease in the value of the 
positron Doppler (P/W) shape parameter (10). Conversely, an increase in positron 
lifetime, generally an indicator of increasing positron trapping effectiveness, should 
signify in a polymer an increase in free volume and be similar to an increase in Dop-
pler (PIW) value. 
Thus we might suggest that the lower two curves of Figure 1 reflect a decrease 
in free volume. Why? Because possibly on the impacted side the material is com-
pressed by the impact. If this then is so and if we were to tum the samples over and 
measure the location on the tension side of the sample directly opposite the impact 
point, we might expect to see an increase in (P/W) value. In fact, this should become 
more obvious as actual tensile fracturing becomes visually apparent on that side at 
impact values larger than about 2.5 joules or a drop height of over 25 cms. This was 
done, and if one looks at the upper two curves of Figure 1, one sees a sudden 
increase in (P/W) above 30 cm drop height (3.2 joules). 
In order to further probe this information, we scanned the damage region of 
sample P03 on both impact and tension sides as shown in Figure 2. One sees a 
decrease in (P/W) at the impact site and an increase in (P/W) opposite that site on the 
tension side. To verify this trend, sample P04 was surveyed in a similar way, 
resulting in Figure 3. Again one can see a lower (PIW) value on the impacted side 
than on the tension side. 
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Fig. 2. Positron Doppler (P/W) shape factor versus distance from impact location for 
sample #P03. 
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Fig. 3. Positron Doppler shape factor (P/W) versus distance from impact location for 
sample #P04. 
This is of course not conclusive proof that a decrease in free volume in the 
polymer binder is the entire cause of a decrease in (P/W), since other events no doubt 
are involved, possibly fiber fracture, delamination, or interfacial failure between fiber 
and matrix; nevertheless, it is certainly a useful NDE indicator of change in the 
composite. 
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Attempts to impact 100% resin samples using drop heights of 35 cms (3.74 
joules) and 15 cms (1.57 joules) resulted in the samples shattering, usually into three 
pieces. 
Finally, with respect to the apparent anomaly mentioned in the introduction 
about the time dependence of the damage in the earlier Coulter-Byrne (1) specimens, 
we now think that that loss of (P/W) signal may have been the result of a room-
temperature relaxation over some two years. This is further encouraged by the fact 
that those samples were impacted (mostly) only up to a level of 2 joules. If these 
light compressions simply relaxed, any free volume compression would also relax, 
and the initially observed decrease in (P/W) would go to zero. Further work will be 
needed to verify this supposition. 
CONCLUSIONS 
Increasing impact damage in a carbon-fiber epoxy-resin matrix composite is 
manifested on the impact side by a decreasing positron Doppler (P/W) shape factor, 
possibly due to a decrease in organic free volume (however caused) in that location. 
This confirms the earlier reported trend [1]. When the damage reaches a level of 
about 3 joules or higher, the (P/W) value on the tension side of the sample opposite 
to the impact site increases significantly, possibly due to an increase in organic free 
volume (however caused) in that location. 
The loss of the depressed (P/W) values in samples from the earlier (1) study 
over a period of some two years is believed due to a relaxation of the compressive 
regions of those light impacts «2 joules). Such small relaxation could account for 
the l1(P/W) vanishing. 
Computed x-ray tomography was unable to resolve the structure in the 
maximum impact damage case. 
Resin very similar to that of the binder in the 16-ply composite is unable to 
sustain impact even of 1.6 joules, precluding an attempt to separate the fiber 
component of the total (P/W) change in the composite. 
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